Children Absorb Tris-BP Flame Retardant from Sleepwear: Urine Contains the Mutagenic Metabolite, 2,3-Dibromopropanol Abstract. The flame retardant, tris(2,3-dibromopropyl)phosphate (tris-BP), which is a mutagen and causes cancer and sterility in animals is absorbed from fabric by people. 2,3-Dibromopropanol, a metabolite oftris-BP and a mutagen itself, has been found in the urine samples of ten children who were wearing or who had worn tris-BP-treated sleepwear. Eight of these children were wearing well-washed sleepwear and the possibility of absorption of tris-BPfrom well-washed sleepwear is discussed. 2,3-Dibromopropanol was not found in the urines ofone child and one adult who had never worn tris-BP-4reated garments.
To evaluate the hazard to human health posed by a chemical, both its toxic effects and human exposure levels should be defined. We now report human absorption of the flame retardant tris-BP, the major chemical used in sleepwear between 1973 and 1977 for the purpose of complying with federal regulations designed to reduce bum injuries in children. About 50 million children were exposed to this chemical before it was banned from use in children's clothing in April 1977. Amounts of about 5 percent of fabric weight had been padded onto children's sleepwear fabric.
Tris-BP produces mutations in bacteria (1, 2) , cancer when fed to rats and (4), and testicular atrophy and ste--rility in rabbits after application to the skin (5). Similar chemicals have long been known to penetrate human skin (6) , and fabric treated with tris-BP causes an allergic reaction in previously sensitized individuals (7) . Radioactivity (14C) from labeled tris-BP has been found in urine, feces, and body organs of rabbits exposed to fabric treated with tris-BP (8) , and the mutagenic tris-BP metabolite, 2,3-dibromopropanol, has been found in urine of animals dermally exposed to tris-BP (9, 10). Human skin absorption of tris-BP was not found in a previous study in which 2,3-dibromopropanol could be detected at a level of 200 ng/ml (10) . However, a rough estimate, based on human absorption studies with structurally similar compounds, suggested that a child wearing sleepwear treated with tris-BP might absorb a considerable daily dose and that doses sufficient to give levels of less than 200 ng/ml in the urine may pose a considerable risk (11) . Using a very sensitive analytical method for brominated compounds-negative ion mass spectrometry (12-15)-we have now found 2,3-dibromopropanol (up to 29 ng/ml) in the urine of children wearing tris-BP-treated sleepwear.
Morning urine samples were collected from a 7-year-old female child who had been wearing repeatedly washed sleepwear, some of which had originally been treated with tris-BP. The child then wore new tris-BP-treated pajamas (100 percent polyester) for 5 nights (16 (13) (14) (15) .
In the former procedure, 3 ml of urine was acidified to pH 1 with sulfuric acid and heated for 1 hour at 80°C. The sample was then extracted three times with glass-distilled hexane that con-A I II tained 15 percent 2-propanol. The combined extracts were washed with distilled (three times) water, dried with magnesium sulfate, and reduced in volume with a Snyder column. Spectra were obtained with an AEI MS902 mass spectrometer (12) . The methylene chloridenegative chemical ionization mass spectrum of extracts of the child's urine indicated a Br2Cl isotope cluster at mlz 251 to 257. This cluster corresponded exactly to the most intense ions in the mass spectrum of reference 2,3-dibromopropanol, indicating the presence of this tris-BP metabolite in the child's urine.
In the latter quantitative procedure, 1 ml of urine was transferred to a 12-ml screw-capped (Teflon liner) centrifuge tube, and 0.1 g of sodium acetate was added; the pH was adjusted to 4.5 with glacial acetic acid. Glusulase (0.2 ml, Endo) was added, and the hydrolysis was carried out at 37°C for 16 hours with slow mechanical shaking. The mixture was transferred to another 12-ml screwcapped centrifuge tube, and solid ammonium carbonate was added to saturation. Ethyl acetate (1 ml) and the internal standard (50 ng of 1,4-dibromo-2-butanol in 10 ,lI of solvent) were added, and the contents of the tube were mixed by inversion and by agitation with a Vortex mixer for 20 seconds. The phases were separated by centrifugation (10 minutes) and the organic phase was removed for analysis. It was not necessary to dry the solution. The solvents used in identification studies were isooctane and ethyl acetate; ethyl acetate was used in quantitative work because it is mnore effective as an extracting solvent.
The analytical system consisted of a gas chromatograph (glass column, 1. Both were wearing treated pajamas that had been laundered for at least 5 months. The urinary excretion of 2,3-dibromopropanol is between 0.5 ng/ml (chart IV) and 5 ng/ml (chart V) under these circumstances. (Chart VI) Urine analysis for child 6 months after cessation of wearing tris-BPtreated pajamas showing a trace level of 2,3-dibromopropanol.
pressure ionization mass spectrometer (13) (14) (15) . The carrier gas (Linde high purity nitrogen) was passed through an oxygen trap prior to use. The analyses were made isothermally with a column temperature of 1 10°C (injector temperature 250°C), a detector (source) temperature of 250°C, and a flow rate of 40 ml/ min. Two channels of selected ion monitoring were recorded for each analysis. The ions monitored were at 79 and 81 amu, corresponding to bromine isotopes. For each analysis, 4 ,LI of an ethyl acetate extract of hydrolyzed urine was injected. The limit of detection of dibromopropanol in the urine was 0.1 ng/ml.
Analysis showed that 2,3-dibromopropanol was present at 0.4 ng/ml in the child's urine prior to her wearing the new tris-BP-treated pajamas. Considerably more tris-BP metabolite was found in urine collected both while and after she wore the new pajamas. See Table 1 and Fig. I Urine samples were collected from ten other children and one adult in September and October 1977, about 5 months after the sale of new tris-BP-treated pajamas was banned. All samples were analyzed for 2,3-dibromopropanol, which was not found in urine of the one child and one adult who had never worn flame-retardant sleepwear. Eight children were wearing well-washed tris-BPtreated sleepwear: seven had levels of approximately 0.5 ng of 2,3-dibromopropanol per milliliter in their urine (Fig.  2 , chart IV) and one child had 5 ng/ml (Fig. 2, chart V) . A trace of 2,3-dibromopropanol was found in the urine of one child who was reported to have stopped wearing tris-BP-treated sleepwear 6 months earlier (Fig. 2, chart VI 9 ,tg per kilogram of body weight.
The 7-year-old girl wearing the new pajamas reported that she did not chew her sleepwear. A higher exposure is likely for children who put their sleepwear into their mouths. Furthermore, in males, absorption of tris-BP through the scrotum should be of particular concern since the human scrotum is about 20 times more permeable to chemicals than is other skin (11, 19) .
When the CPSC banned the use of tris-BP in children's sleepwear in April 1977, washed garments were not recalled, because it was assumed that washing considerably reduces the risk of absorption of tris-BP. However, several lines of evidence suggest that tris-BP may still be absorbed from washed sleepwear and pose a risk to the wearer. (i) The flammability standards for children's sleepwear require that the garments still be flame resistant after 50 washings: in one study the total tris-BP in a fabric only decreased from 5.8 to 5.1 percent after 50 washes (7) . (ii) A distinction has been made between tris-BP in the interior of the fiber and readily extractible "surface" tris-BP, much of which is removed by repeated washings (7, 9) . In most cases, surface tris-BP is reduced more than 90 percent by three washings; in one case, five washings resulted in a 67 percent reduction of surface tris-BP (from 2.6 to 0.8 percent) (9) . However, tris-BP is likely to continue diffusing from the inside of the fiber to the outside as the garment is being worn leading to continuing availability of the chemical for absorption through the skin or by mouth (11) . (iii) A reduction of the amount of tris-BP available does not necessarily imply an equally reduced level of absorption. In studies in which tris-BP (0.9 ml/kg) was painted on the skin, 3.5 percent was absorbed over 96 hours; when the dose was decreased to 0.05 ml/kg, the absorption increased markedly to 
that tris-BP is available for absorption from well-washed sleepwear. However, an alternative explanation, which has not been ruled out, is that tris-BP was absorbed from the sleepwear when new and that the tris-BP or a metabolite, was stored in the body and then slowly excreted. Animal studies (18) indicate a relatively rapid rate of metabolism after gavage with tris-BP, but skin absorption and repeated exposure may result in deposition of tris-BP in fat stores, followed by slow hydrolysis and release of 2,3-dibromopropanol.
Children's garments are commonly worn by several children in a family and used for several years. Absorption of tris-BP from old, treated sleepwear could pose a continuing problem since about half of the children's sleepwear sold between July 1973 and April 1977 was treated with this chemical.
In addition to the hazard that tris-BP may cause cancer, absorption of this chemical may lead to heritable mutations in humans. Tris-BP is known to be a mutagen in Salmonella (1, 2), to damage DNA in vitro (20) , to act as a potent mutagen in Drosophila (21) , to cause unscheduled DNA synthesis in human cells in tissue culture (22) , and to cause sister chromatid exchange and growth inhibition of Chinese hamster cells (23) .
Potential adverse reproductive effects from tris-BP are also a concern. This chemical causes testicular atrophy and sterility in rabbits (8) , and its metabolite 2,3-dibromopropanol is closely related in structure to 1,2-dibromo-3-chloropropane (DBCP), which has caused sterility in at least 80 male factory workers (24) . Like tris-BP, DBCP is a mutagen in Salmonella (25), a carcinogen (26) , and causes testicular atrophy and sterility in animals (27 Although the retinal pigment epithelium of the RCS rat has been thought not to phagocytize the debris shed from rod outer segments (1), we now present evidence that such phagocytosis occurs, but at a greatly diminished rate relative to that of the normal rat. Furthermore, the apparent rate of phagocytosis in RCS pigment epithelium varies with a diurnal rhythm similar to that of unaffected animals (2) , and the rate can be increased by maintaining the eyecup in organ culture. Phagocytosis is an integral part of the process of photoreceptor renewal, in which new discs are added to the base of the rod outer segment and packets of old discs are shed at the apex (3). The shed discs are phagocytized by the retinal pigment epithelium and, if the animals are maintained under cyclic lighting (12 hours of light and 12 hours of darkness), the bulk of this shedding occurs in a peak within 2 hours of the beginning of the light phase of the cycle (2, 4 Abstract. The retinal pigment epithelium of RCS rats, previously thought not to phagocytize photoreceptor outer segments, exhibited a peak ofphagocytosis in vivo when animals were kept under conditions ofcyclic lighting (12 hours ofdarkness and 12 hours of light). This peak occurred at 1 hour after the onset of light, with maximum and minimum levels ofphagocytosis averaging about 5 percent ofthatfound in the pigment epithelium of Osborn-Mendel rats used as a control. Eyecups that were obtainedfrom Osborn-Mendel rats and maintainedfor up to 3 hours in organ culture demonstrated levels ofphagocytosis that were sevenfold greater than those of unincubated controls. Likewise, a tenfold increase occurred in incubated as opposed to unincubated RCS eyes, raising the possibility that phagocytosis could be experimen-
